accurate. Future modeling studies could explore the role of controlled degradation of the CRY proteins on the overall clock behavior. Siepka et al. (2007) also provide quantitative measurements of many previously unknown rate constants, which can be directly put into mathematical models. These studies can be used to generate much more accurate mathematical models that can guide future circadian research and make predictions about potential pharmacologic interventions to alleviate the symptoms of circadian disorders.
Sathyanarayanan, S., Zheng, X., Xiao, R., and Sehgal, A. (2004) . Cell 116, [603] [604] [605] [606] [607] [608] [609] [610] [611] [612] [613] [614] [615] Siepka, S.M., Seung-Hee Yoo, S.-H., Park, J., Song, W., Kumar, V., Hu, Y., Lee, C., and Takahashi, J.S. (2007) . Cell, this issue. Published online April 26, 2007 April 26, . 10.1016 April 26, /j.cell.2007 Evidence is accumulating that adult muscle satellite cells, the main regenerative cells in skeletal muscle, are a heterogeneous population of stem cells and committed progenitors (Zammit et al., 2006) . However, conclusive functional evidence for this heterogeneity has been lacking, in part because of an absence of markers with which to distinguish subpopulations of satellite cells. In this issue, Kuang et al. (2007) address the issue of satellite cell "stemness."
Satellite cells are commonly identified by expression of the paired-box transcription factor Pax7, which is also expressed by muscle progenitors in embryonic somites (Zammit et al., 2006) . Adult mice lacking Pax7 are severely deficient in satellite cells (Seale et al., 2000; Zammit et al., 2006) . Kuang et al. (2007) now reveal heterogeneity within the satellite cell population. They show that satellite cells expressing Pax7 differentially express Myf5, one of three muscle determination proteins necessary for progenitor cell commitment (KassarDuchossoy et al., 2004) . They then characterize the differences between the cells that express Myf5 (87%) and those that lack Myf5 expression (13%). Satellite cells are crucial for maintaining muscle homeostasis and for regeneration following injury. In this issue, Kuang et al. (2007) reveal that muscle satellite cells are a heterogeneous mixture of stem cells and committed myogenic progenitors. They show that asymmetric division of stem cells in the satellite cell niche is a mechanism for generating these two populations.
stages. Accordingly, a subpopulation (10%) of perinatal and adult satellite cells was found to express only Pax7 and not YFP, whereas the remainder expressed both. Asymmetric division of stem cells, yielding one stem cell and one committed daughter cell, is favored by specific stem cell niches. Interestingly, compromised signaling via the Notch receptor results in the loss of muscle progenitors in the mouse embryo (Schuster-Gossler et al., 2007; Vasyutina et al., 2007) , where the Notch ligand Delta-like1 in committed cells is thought to signal to adjacent stem cells to maintain the stem cell pool, as postulated for the retina (Henrique et al., 1997) . Asymmetric cell divisions have also been reported in muscle satellite cells (Conboy and Rando, 2002; Shinin et al., 2006) . Kuang et al. (2007) now show that the expression of Deltalike1 is restricted to the more committed cells during cell division, thus implicating Notch signaling in cell fate choice during oriented asymmetric cell divisions.
Symmetric cell divisions in the muscle fiber (constituting 90% of all divisions) result in both daughters remaining in contact with the plasmalemma of the myofiber and the basal lamina, which encompasses the satellite cell. Notably, it is implied from the expression of the marker genes that these symmetric cell divisions can result either in the self-renewal or the myogenic commitment of both daughter cells (Figure 1) . Strikingly, Kuang and colleagues also provide evidence for asymmetric cell divisions (10% of all divisions) that occur perpendicular to the muscle fiber. These result in one daughter cell remaining in contact with the basal lamina and the other daughter cell losing this interaction but maintaining contact with the plasmalemma. The cell proximal to the plasmalemma expresses higher levels of Myf5 nlacZ , whereas the cell proximal to the basal lamina preferentially expresses Pax7 (Figure 1) . This observation raises the intriguing possibility that the former will fuse with the fiber, whereas the latter will remain in the niche to generate other stem cells or re-enter quiescence.
The ordered basal-apical orientation of epithelia in, for example, the skin offers an anatomical analogy to the model proposed here in which the stem cell retains a basal position adherent to the basal lamina following asymmetric cell division and the committed progenitor cell is displaced upwards while embarking on terminal differentiation. Another analogy can be made with the dermomyotome of embryonic somites, which has an apical-basal polarity and harbors skeletal muscle stem cells. However, in the dermomyotome conclusive evidence is lacking for an association between selfrenewing cells and the basal lamina and for the migration of committed cells into the myotome. As the basal lamina adheres tightly to the muscle plasmalemma as well as to the satellite cell, the satellite cell niche would appear to present a restricted environment for perpendicular cell division. Kuang et al. (2007) observed perpendicular divisions after satellite cell activation by the administration of cardiotoxin, a muscle-damaging agent. It remains possible that the frequency of symmetric versus asymmetric divisions might be affected by the method used to induce satellite cell activation.
Does the differential partitioning of Pax7 and Myf5 in the two populations correlate with distinct satellite cell functions? As the cells that lack Myf5 expression are not marked by YFP, the authors used α7/β1 integrin to isolate the total satellite cell population by flow cytometry to perform functional tests. These cells were then further fractionated based on YFP expression. They found that 90% of the cells that express YFP are Pax7 positive and 67% of cells that lack YFP are Pax7 positive. This observation suggests that either a Pax7-negative population of satellite cells is present in muscle or that some nonsatellite cells cofractionated with these marker combinations. We note also that the skeletal muscle specificity of Myf5
Cre has not been fully demonstrated. Kuang and colleagues then demonstrated that the Pax7-positive satellite cells that lack Myf5 expression displayed a 3-fold greater engraftment potential than cells that express Myf5 when transplanted into satellite-celldeficient Pax7 null mice. These findings provide compelling evidence that the cells lacking Myf5 expression have a "stem-like" phenotype within the satellite cell population.
This study raises a number of intriguing questions. How is the choice between symmetric and asymmetric divisions dictated in the satellite cells that do not express Myf5?
Can a more committed progenitor cell that expresses Myf5 still divide asymmetrically to yield, for example, one self-renewing and one irreversibly committed daughter cell? It would also be interesting to measure the occurrence and frequency of asymmetric perpendicular cell divisions in acutely or chronically diseased muscle tissue, where the basal lamina is frequently and extensively destroyed. Future work may show that the maintenance of the stem cell pool during homeostasis or its depletion during aging or disease may depend on how these decisions are executed.
